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DUAL MODE COMMUMCATtlON DEVICE AND METHOD 



Field of the Invention 

10 

The present invention generally relates to communication devices. 
More particularly, the present invention relates to a dual mode or multi- 
mode communication device and a method for operating such a device. 

15 Background of the Invention 

Dual mode communication devices are communication devices 
configured for communication such "as radio communication in more 
than one communication mode. For example, such modes of 

20 communication include digital and analog signaling, different frequency 
bands for communication, and communication according to different 
communication protocols. Examples of such protocols are Advanced 
Mobile Telephone Service (AMPS), North American Digital Cellular 
service according to J-STD-009, PCS IS-136 Based Mobile Station Minimum 

25 Performance 1900 MHz Standard and J-STD-010, PCS IS-136 Based Base 
Station Minimum Performance 1900 MHz Standard ("IS-136"); Code 
Division Multiple Access (CDMA) radiotelephone service according to 
EIA/TIA interim standard 95 Mobile Station-Base Station Compatibility 
Standard for Dual-Mode Wideband Spread Spectrum Cellular System ("IS- 

30 95"); Global System for Mobile Communication ("GSM"); and satellite 

protocols such as that proposed by Iridium, L.L.C. ("Iridium;" Iridium® is a 
trademark and service mark of Iridium, L.L.C). A typical communication 
system provides communication in one of these modes in a limited 
geographical area. A dual mode communication device may use one or 

35 more of these modes for communication- 
Existing dual mode radiotelephones include some cellular 
telephones. For example, cellular phones according to IS-136 and IS-95 are 
operable in both an analog mode and a digital mode. Cellular phones k 
according to IS-136 are dual band communication devices in that, they . |- 

40 operate in a first band of frequencies near 800 MHz and a second band of ] 
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5 frequencies around 1900 MHz. Such radiotelephones communicate with a 
single type of communication system in different modes. 

Such previous radiotelephones are constrained by the limited 
geographic coverage of the system. When the radiotelephone is moved to 
a new area beyond the system's boundaries, service on the radiotelephone 

10 is no longer available. Even though other systems provide service in the 
new area, unless that service is compatible with the radiotelephone, the 
radiotelephone can't communicate with the system. Further, service on a 
system may not be available for a time. Even though other (incompatible) 
systems provide service to die same area, the radiotelephone is not usable. 

15 A new type of radiotelephone is envisioned which can operate on 

multiple, independent communication systems. Thus, in a particular 
area, a radiotelephone of this new type may communicate with a 
terrestrial system such as a GSM system and with a satellite system such as 
an Iridium system. In a different area, the radiotelephone may 

20 communicate with two terrestrial systems. 

Market demands for radiotelephones usable on satellite and next 
generation cellular systems require them to operate on multiple cellular 
systems in a dual product format. However, an integrated approach where 
a single hardware and software architecture is designed to handle many 

25 modes of operation is very costly in terms of engineering effort and time 
to market. Such a development effort may take moire than a year. Given 
the significant size and cost restrictions now occurring in the 
radiotelephone industry, a simplified approach to new product 
development becomes necessary. 

30 Accordingly, there is a need in the art for a dual mode 

communication device and a method for operating such a device which 
solves these problems. 

Brief Description of the Drawings 

35 

The features of the present invention, which are believed to be 
novel, are set forth with particularity in the appended claims. Hie 
invention, together with further objects and advantages thereof, may best 
be understood by making reference to the following description, taken in 
40 conjunction with the accompanying drawings, in the several figures of 
which like reference numerals identify identical elements, and wherein: 
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5 FIG. 1 is a block diagram of a communication device and a plurality 

of communication systems; and 

FIG. 2 is a flow diagram illustrating operation of the 
communication device of HG. 1. 

10 Detailed Description of a Preferred Embodiment 

Referring now to FIG. 1, a communication device 102 is operable on 
a plurality of communication systems, including a first communication 
system 104 and a second communication system 106. In the illustrated 

15 embodiment, the first communication system 104 includes a first base 

station 108, a second base station 110, a third base station 112 and a network 
controller 114. The second communication system 106 similarly includes a 
first base station 115, a second base station 116, a third base station 118 and 
system controller 120. Each base station in each communication system 

20 provides radio communication with mobile stations such as the 

communication device 102 in a fixed geographic area adjacent the base 
station. The network controller in each communication system controls 
communication between mobile stations and the base stations of the 
communication system and provides a communication link to the public 

25 switched telephone network (PSTN). 

In the illustrated embodiment, the second communication system 
106 is autonomous from the first communication system 104. The 
communication systems are autonomous in that they are independent of 
each other. For example, there is little or no communication between the 

30 communication systems and their timing is not synchronized. There is no 
provision for handoff between the two communication systems. Each 
system has no knowledge of the other system. The communication device 
102 communicates independently with each system- 
While two communication systems are illustrated in FIG. 1, there 

35 may be any number of communication systems serving the geographical 
area where the communication de vicg ^l62*is located. These may include 
satellite communication systems, such as the Iridium system, and 
terrestrial systems such as AMPS systems, GSM systems, B-136 systems, IS- 
95 systems and others. Also, the communication systems may operate at 

40 different frequency ranges, such as GSM at 900 MHz and GSM at 1800 MHz. 
Also, while the first communication system 104 and the second 



communication system 106 are illustrated as terrestrial systems, it is 
understood that either or both may be sat ellite system s, with orbiting or 
geosynchronous satellites performing the function of base stations. 

The communication device 102 includes an antenna 122, a first radi o 
124opera ble according to a first mode, a second radiol^\oupled to the 
first radio and operable according to a second mode, aSa^tery 128, a user 
interface 130 and a communication bus 132. The first radio 124 and the 
second radio 126 are electrically coupled by a connector 134. The first radio 
124, the second radio 126, the user interface 130 and communication bus 
132 are contained in a housing 131. In an alternative embodiment, the 
second radio 126 and the user interface 130 are contained in a first housing 
and the first radio is contained in a second housing or detachable module. 
In this manner, the second radio may be detached from the first radio (at 
the connector 134) and replaced by another radio module which provides a 
third mode of operation. 

The communication device 102 is a dual mode communication 
device in that it is configured for commnication according to a fi rst mo de 
and for communication according to a second mode. In the illustrated 
embodiment, the first mode comprises radio communication on the first 
communication system 104 according to a primary mode using the first 
radio 124 and the^econdj ^ode comprises radio communication on the 
second communication system 106 according to a secondary mode using 
the second radio 126. More specifically, the first mode comprises radio 
communication on a te rrestrial communication system and the second 
mode comprises radio communication on a satellite communication 
system. 

The first radio 124 and the second radio 126 each form a complete 
transceiver that has been developed to operate in a respective mode. For 
example, such modes of communication include digital and analog 
signaling, diffCTmt jrequency bands for communication, and 
communication according to different communication protocols, such as 
GSM, IS-95 or Iridium. In the illustrated embodiment, the first radio 124 is 
a complete GSM transceiver and forms a primary transceiver configured 
for radio communication with a primary communication system. The 
second radio is a complete Iridium transceiver and forms a secondary 
transceiver configured for radio communication with a secondary 
communication system. 
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5 Preferably, the communication device 102 is manufactured by 

assembling the complete transceiver of the first radio 124 and the complete 
transceiver off the second radio 126 with the other components of the 
communication device 102. In this manner, previously existing radio 
transceiver circuit boards may be used for the first radio and the second 

10 radio, reducing the manufacturing cost of the communication device and 
the time required to develop the communication device. 

The user interface 130 is common to both the first radio 124 and the 
second radio 126. The user interface 130 includes a keypad 136 and a 
4isplay 138. The keypad 136 provides keypress data representative of user 

15 input. In addition to a multiple-key keypad, the keypad 136 may include a 
touch sensitive display and other user operated switches. The display 138 
receives display data and produces a visual or audible display. The display 
138 may be a light emitting display (LED), liquid crystal display (LCD) or a 
combination of these and other display types. The display 138 may include 

20 individual characters or segments which may be activated to produce 
alphanumeric characters or optionally includes icons which may be 
activated. For example, one icon may be illuminated to indicate that the 
first radio 124 or the second radio 126 has detected availability of service 
with a communication system. Other icons provide information about 

25 roaming, received signal strength, battery level, etc. The user interface 130 
may include other elements as well as the keypad 136 and the display 138. 

The first radio 124 includes a transceiver 140, a power controller 142, 
a digital signal processor or DSP 144, a processor 146 and a bus interface 
chip 148. If, as in the illustrated embodiment, the first radio 124 is a 

30 complete transceiver, the first radio 124 will include other components 
such as a user interface. Such components are not used according to the 
present invention and therefore are not illustrated in FIG. 1 so as to not 
unduly complicate the figure. 

The transceiver 140 is coupled to the antenna 122 for 

35 communicating radio signals with the first communication system 104 and 
the second communication system 106. Such transceiver circuits are well 
known in the art. 

The power controller 142 controls and regulates operating power for 
the first radio 124. The power controller 142 receives operating power from 

40 the battery 128 by way of the connector 134. Power is provided to an input 
150 from a pin on the connector 134 labelled EXTJPWR/BATT+ in FIG. 1. 
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5 The power controller 142 further includes an input 152 coupled to a pin 

labelled PWILSW on the connector 134. In response to signals received at 
this input 152, die power controller 142 powers down a portion of the first 
radio 124. 

The DSP 144 is used for speech coding and decoding. In typical 

10 cellular and satellite communication systems, speech is digitally encoded 
for transmission and decoded at the receiver. The DSP 144 provides the 
speech coding and decoding function, and may perform other processing 
functions as well. 

The processor 146 forms a primary controller for controlling the 

15 primary transceiver, first radio 124. The processor 146 is preferably a 
microprocessor or microcontroller which operates according to a 
predetermined program of instructions stored in an associated memory. 
The program of instructions, in conjunction with the hardware elements 
of the first radio 124, defines the mode according to which the first radio 

20 124 operates, such as GSM at 900 MHz. The bus interface chip 148 couples 
the processor 146 to the communication bus 132. 

The second radio 126 includes a transceiver 160, a power controller 
162, a ESP 164, a processor 166, a bus interface chip 168 coupled to the 
communication bus 132, a bus interface chip 170 coupled to the user 

25 interface 130 and a voice codec 172. Since the second radio 126 is a 

complete transceiver, many of these elements are similar in design and 
operation to analogous elements of the first radio 124. However, since the 
second radio 126 operates according to ^ differ ent mode from the first radio 
^24^ some elements may differ. For example, if the communication device 

30 102 is a dual band radio operable on two different fre<juency bands, the 
transceiver 140 and the transceiver 160 will each be optimized for its 
respective band of operation. 

The power controller 162 has an input 174 for receiving operating 
power from the battery 128. The power controller 162 controls application 

35 of power to portions of the radio. For example, when the second radio 126 
is inactive, the power controller 162 may power down a portion of the 
second radio 126 to conserve battery power. The power controller 162 has 
an input 176 coupled to the keypad for receiving a signal labelled 
PWR_SW in FIG. 1. When a user desires to activate or turn on the 

40 communication device 102, the user actuates a switch of the user interface 
130. Examples of such a switch include a key on the keypad 136 or a hinge- 
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5 actuated switch if the communication device 102 is a foldable 

radiotelephone. In response to this actuation, the power controller 162 
provides a signal at an output 178 to an input 180 of the processor 166 
indicating a power on keypress by a user to turn on the communication 
device 102. 

10 The DSP 164 performs speech coding and decoding. The DSP 164 is 

coupled to the voice codec 172 for communicating signals representative of 
speech. The voice codec in turn is coupled to a ringer 182, a speaker 184 
and a microphone 186 which may be considered as part of die user 
interface 130. The ringer 182 provides an audible alert of incoming calls 

15 and other conditions. The speaker 184 provides audible speech and other 
sounds to an earpiece for the user, and the microphone 186 detects audible 
speech and produces signals in response. The DSP 164 is coupled to the bus 
interface chip 170 to permit connection to an accessory connector 188, for 
example for communicating audio data to external accessories such as a 

20 remote handset or headset. The DSP 164 is further coupled to the bus 

interface chip 168 for communicating audio data from the DSP 164 to the 
first radio 124. All audio data from the speaker 184 and the microphone 
186 intended for the first radio 124 is communicated in this manner. 
The bus interface chip 170 is coupled to the user interface 130 to 

25 receive keypress data from the keypad 136 and provide display data to the 
display 138. The bus interface chip 170 is also coupled to the processor 166. 
Connections between the bus interface chip 170 and the processor 166 
include chip select, address and data lines, interrupt request line and clock 
line. The bus interface chip 170 is also coupled to a subscriber identity 

30 module or SIM interface 190 for communicating with a SIM card. Some 
communication systems such as GSM and Iridium require use of a SIM 
card for authentication and verification of user identity. 

The bus interface chip 168 is coupled between the processor 166 and 
the communication bus 132 for communicating data between the first 

35 radio 124 and the second radio 126. Such data is conveyed using chip select, 
address and data lines 192. The bus interface chip 168 may signal an 
interrupt condition using interrupt request line 194. 

The processor 166 forms a secondary controller for controlling the 
secondary transceiver, second radio 126. The processor 166 is preferably a 

40 microprocessor or microcontroller which operates according to a 

predetermined program of instructions stored in an associated memory. 
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5 The program of instructions, in conjunction with the hardware elements 
of the second radio 126, defines the mode according to which the second 
radio 126 operates. In addition to the previously described connections, the 
processor 166 is coupled to a watchdog line 196 to receive status 
information from the first radio 124. 

10 In accordance with the present invention, the communication bus 

132 provides communication between the two complete transceivers, first 
radio 124 and second radio 126. The processor 166 of the second radio 126 
controls operation of the communication device 102 including transition 
between the first mode of communication provided by the first radio 124 

15 and the second mode of communication provided b% the second radio 126. 
For the first radio 124, the communication bus 132 communicates all 
keypress, display, status tone, alert and SIM information between the first 
radio 124 and the user interface 130. Such information for the second radio 
126 is communicated directly between the user interface and the second 

20 radio 126. Thus, the second radio 126 appears as a remote peripheral or 
remote handset communicating with the first radio 124. 

The processor 166 of the second radio 126 reads all keypresses for 
both primary (first radio 124) and secondary, (second radio 126) modes of 
operation. In primary mode, all keypresses (except for power on/off) are 

25 communicated from the processor 166 to the bus interface chip 168 on the 
secondary transceiver board for communication over the communication 
bus 132. The keypress data is received by the bus interface chip 148 of the 
primary transceiver board and conveyed to processor 146. The processor 
146 detects the keypress data conventionally, as if the keypress data 

30 originated with a keypad which is part of the first radio 124. 

Since all keypresses are read by the processor 166 of the second radio 
126, the processor 166 can monitor enabling and disabling of user features 
when operating in the primary mode. These same features are enabled or 
disabled on the secondary transceiver to present the user with a consistent 

35 man-machine interface for both primary and secondary modes. 

The processor 166 of the second radio 126 controls writing of display 
data to the display 138. Display data from second radio 126 is written 
directly to the display 138. Display data from the first radio 124 is conveyed 
from the processor 146 to the bus interface chip 148 of the first radio 124 

40 and communicated over the communication bus 132. The display data is 
received by the bus interface chip 168 of the second radio 126 and conveyed 
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5 to the processor 166. The processor 166 reads the display data and writes 
the appropriate display data or other command to the display 138. 

In accordance with the present invention, the processor 166 of the 
second radio 126 assesses the status of communication between the first 
radio and the first communication system 104. The primary transceiver, 

10 first radio 124, produces indicator data to activate an indicator such as a "no 
service" indicator or a "roaming" indicator on the display 138. The 
secondary controller, processor 166, determines status using this indicator 
data. For example, from indicator data which illuminates a "no service" 
indicator, the processor 166 determines availability or unavailability of the 

15 first communication system. Similarly, indicator data which illuminates a 
"roaming" indicator on the display 138, the processor 166 determines that 
the communication device is roaming and may be subject to higher 
charges by a service provider. Such determination may be used by the 
processor 166, for example, to select the second communication system if 

20 charges there are less than roaming charges on the first communication 
system. 

SIM data communicated with the SIM interface 190 is handled 
similarly. SIM data for the second radio 126 is communicated directly from 
the processor 166 to the bus interface chip 170 and then to the SIM interface 

25 190. SIM data for the first radio 124 is communicated from the processor 
146 over the communication bus 132 to the processor 166. The processor 
166 reads the SIM data and issues the appropriate commands to the bus 
interface chip 170 for transfer to the SIM interface 190. 

In the second radio 126, speech data received from the second 

30 communication system 106 is conveyed by the processor 166 to the DSP 164 
for decoding. The decoded data is conveyed to the codec 172 and provided 
to the speaker 184 to produce audible speech. Speech data from the 
microphone 186 is conveyed to the DSP 164 and encoded. The encoded 
speech data is conveyed to the processor 166 for transmission by the 

35 transceiver 160 to the second communication system 106. 

In the first radio 124, speech data received from the first 
communication system 104 is conveyed to the processor 146 by the 
transceiver 140. The speech data is conveyed to the DSP 144 for decoding to 
digital data representative of speech. This digital data is conveyed to the 

40 bus interface chip 148 and communicated over the communication bus 132 
to the second radio 126, being received by the bus interface chip 168. The 
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5 digital speech data is routed to the DSP 164, to the codec 172 and to the 

speaker 184 to produce audible speech. Speech data from the microphone 
186 is conveyed to the DSP 164 and digitally encoded. The digital data is 
conveyed over the communication bus from the second radio 126 to the 
first radio 124, encoded by the DSP 144 and conveyed to the processor 146 
10 and the transceiver 140 for transmission to the first communication 

system. Other audio data, including alert and ringer tones, are handled 
similarly. 

The processor 166 may generate a reset signal to reset the 
communication device to a known initial condition. The reset signal is 
15 provided to the connector 134 and communicated to the first radio 124. 
Thus, if a radio reset occurs, both the primary transceiver and the 
secondary transceiver will be reset under control of the processor 166. 

Referring now to FIG. 2, it shows a flow diagram illustrating a 
method of operating the communication device of FIG. 1 during a power 
20 up cycle. The method begins at step 200 with the communication device in 
a power off condition. 

At step 202, the second radio detects a power on actuation such as a 
power on keypress. Other types of power on actuation include opening a 
foldable radio or keypad cover or extending an antenna. When the power 
25 on actuation has been detected, the secondary transceiver or second radio 
begins a power up routine, step 204, including initialization and self check 
routines. 

At step 206, the second radio determines if the user has exclusively 
selected the secondary mode of operation, which corresponds in the 

30 illustrated embodiment to communication between the second radio and 
the second communication system. If so, control proceeds to step 228. If 
operation of the second radio is not desired, at step 208, the processor of the 
second radio powers down unneeded portions of the second radio, such as 
the transceiver. At step 210, the second radio emulates a power on 

35 actuation of the first radio on the PWR_SW signal provided to the first 
radio on the connector. At step 212, the primary transceiver or first radio 
begins a power up routine, including initialization and self check routines. 

At step 214, the first radio begins searching for the first 
communication system. The searching process includes, for example, 

40 attempting to locate control channels on preassigned frequencies. At step 
216, it is determined if the primary system, the first communication 
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5 system, has been found. This is done, for example, by monitoring the 
display data from the first radio to the display for indicator data which 
would turn off a "no service" indicator. If the primary system is located, at 
step 218 the first radio attempts to register with the primary system and 
determines if the registration attempt was successful. If the first radio 

10 successfully registered with the primary system, at step 220 the 

communication device awaits activity on the primary system, such as an 
incoming call or initiation of communication on the first communication 
system using the first radio. The method ends at step 222. 

If communication with the first communication system was 

15 unavailable, the communication device emulates a power off actuation of 
the first radio by the second radio. If system location was unsuccessful at 
step 216 or registration was unsuccessful at step 218, control proceeds to 
step 224. At step 224, the second radio powers down the primary radio by 
emulating a power off keypress on the PWRJ5W line. The second radio 

20 then initiates communication using the second radio. At step 226, the 

second radio powers up the secondary transceiver and other elements of 
the second radio necessary for radio communication. 

At step 228, the second radio searches for the second communication 
system. If the system is located, at step 230 the second radio registers with 

25 the system and at step 232 awaits activity on the second system. The 
method ends at step 234. 

As can be seen from the foregoing, the present invention provides a 
communication device which can operate on multiple, independent 
communication systems. The communication device can communicate 

30 with a first communication system in a first area and with a second 

communication system in a second area. The communication device can 
be manufactured using preexisting transceiver boards, one for each 
communication system. This reduces the time and expense that would be 
associated with developing a new, fully integrated multimode 

35 communication device. Also, during manufacturing, different transceiver 
modes may be included to provide dual mode radio products with 
differing capability. 

While a particular embodiment of the present invention has been 
shown and described, modifications may be made. For example, more 

40 than two radios may be combined to make a tri-mode or other multi-mode 
communication device. It is therefore intended in the appended claims to 
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5 cover all such changes and modifications which fall within the true spirit 
and scope of the invention. 
What is claimed is: 
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Ciaims 

1. A communication device comprising: 
a user interface; 

a primary transceiver configured for radio communication with a 
primary communication system, die primary transceiver 
including a primary controller for controlling the primary 
a secondary transceiver configured for radio communication with a 
secondary communication system and including a secondary 
controller, the user interface being coupled to the secondary 
a communication bus coupled between the primary controller and 
the secondary controller for communicating data. 

2. A communication device as recited in claim 1 wherein the 
user interface comprises a keypad coupled to the secondary controller to 
provide keypress data representative of user input, She secondary 
controller providing keypress data for controlling the primary transceiver 
from the keypad to the communication bus for communication to the 
primary transceiver. 

3. A communication device as recited in claim 1 wherein the 
user interface includes a display coupled to the secondary controller for 
receiving display data from the primary controller and the secondary 
controller. 

4. A communication device as recited in claim 3 wherein the 
secondary controller is configured to detect display data from the primary 
controller to the display to determine availability of the primary 
communication system. 

5. A communication device as recited in claim 4 wherein the 
primary transceiver produces indicator data to activate an indicator on the 
display when primary communication system is available, die secondary 
controller detecting the indicator data to determine availability of the 
primary communication system. 
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6. A method for operating a dual mode communication device 
having a first radio and a second radio, the method comprising the steps of: 

at the second radio, detecting a power on actuation; 

if operation of the second radio is not desired, emulating a power on 

actuation of the first radio by the second radio; and 
initiating communication on a first communication system using 

the first radio.. 

7. A method as recited in claim 6 further comprising the steps 

of: 

if communication with the first communication system is not 

available, emulating a power off actuation of the first radio by 
the second radio; and 

initiating communication on a second communication system using 
the second radio* 

8. A method as recited in claim 6 further comprising the step of 
powering down a portion of the second radio before emulating the power 
on actuation of the first radio. 
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